Spatial suppression (SS) is a visual perceptual phenomenon that is manifest in a reduction of 38 directional sensitivity for drifting high-contrast gratings whose size exceeds the center of the 39 visual field. Gratings moving at faster velocities induce stronger SS. The neural processes that 40 give rise to such size-and velocity-dependent reductions in directional sensitivity are currently 41 unknown, and the role of surround inhibition is unclear. In magnetoencephalogram (MEG), large 42 high-contrast drifting gratings induce a strong gamma response (GR), which also attenuates with 43 an increase in the gratings' velocity. It has been suggested that the slope of this GR attenuation is 44 mediated by inhibitory interactions in the primary visual cortex. Herein, we investigate whether 45 SS is related to this inhibitory-based MEG measure. We evaluated SS and GR in two independent 46 samples of participants: school-age boys and adult women. The slope of GR attenuation predicted 48 correlation was assessed in the adults, and was high between two sessions separated by several 49 days or weeks. Neither frequencies nor absolute amplitudes of the GRs correlated with SS, which 50 highlights the functional relevance of velocity-related changes in GR magnitude caused by 51 augmentation of incoming input. Our findings provide evidence that links the psychophysical 52 phenomenon of SS to inhibitory-based neural responses in the human primary visual cortex. This 53 supports the role of inhibitory interactions as an important underlying mechanism for spatial 54 suppression. 55 56 57 Keywords: Magnetoencephalography (MEG), gamma oscillations, spatial suppression, surround 58 suppression, inhibition, IQ 59 60 61 65 competitive and requires neural mechanisms that suppress redundant or distracting input 66 (Desimone and Duncan, 1995). It has been suggested that, for efficient information processing, 67 the brain applies a so called 'sparse coding' strategy, i.e. encoding of sensory information using 68 small number of active neurons (Baddeley et al., 1997; Barlow, 1961; Field, 1987; Olshausen and 69 Field, 2004). Surround suppression -weakening of neurons' responses to the combined 70 stimulation of their classical receptive fields and surrounding periphery -is an important 71 mechanism of sparse coding (Angelucci et al., 2017; Angelucci and Bressloff, 2006; Sachdev et al., 72 2012; Zhu and Rozell, 2013). In the visual cortex, surround suppression improves coding 73 efficiency of natural images by promoting figure-ground segmentation of moving objects (Tadin 74 et al., 2019) and by facilitating the processing of potentially salient peripheral motion (Nurminen 75 and Angelucci, 2014).
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Highlights 27 28
• The role of surround inhibition in perceptual spatial suppression (SS) is debated 29 • GR attenuation with increasing grating's velocity may reflect surround inhibition 30 • People with greater GR attenuation exhibit stronger SS
31
• The neuro-behavioral correlation is replicated in school-age boys and adult women 32 • The surround inhibition in the V1 is an important mechanism underlying SS 33 34 35
inter-individual differences in SS in both samples. Test-retest reliability of the neuro-behavioral
Introduction

63
Vision is the main source of sensory information in humans. Considering the abundance of visual 64 information bombarding the brain at any given moment, visual processing is inherently children, no reliable MEG GRs were detected according to the acceptance criteria (see below), which prevented reliable estimation of the gamma suppression slope. These children were Assessment Battery for Children К-АВС II (Kaufman and Kaufman, 2004 To estimate SS, we used a psychophysical task that has been previously applied in healthy 179 individuals (Arranz-Paraiso and Serrano-Pedraza, 2018; Betts et al., 2012; Melnick et al., 2013;  180 Tadin et al., 2003; Troche et al., 2018) as well as in those with neurological or psychiatric 181 disorders (Foss-Feig et al., 2013; Golomb et al., 2009; Sysoeva et al., 2017; Tadin et al., 2006) . A 182 detailed description of the current version of the experimental procedure is given in the (Sysoeva   183   et al., 2017) . stimuli were generated using Presentation software (Neurobehavioral Systems Inc., The United and 60 Hz refresh rate. They consisted of black and white sinusoidally modulated annular 234 gratings with a spatial frequency of 1.66 cycles per degree of visual angle and an outer size of 18 'medium', and 'fast' conditions. More details about MEG data preprocessing are given in 269 (Orekhova et al., 2019) . 
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292
To estimate MEG signal power, we applied multitaper analysis (tfr_multitaper) with 3 293 tapers (time_bandwidth = 4), 2.5 Hz frequency resolution, and the number of cycles equal to 294 frequency/2.5. We used a fixed multitaper window of 400 ms that was centered at -800:50:-200 295 ms time points for the pre-stimulus interval and at 400:50:1000 ms points for the post-stimulus 296 interval. The power of the GR was then estimated as the normalized power difference between To locate the 'maximal response sensor pair', the normalized power changes were averaged over the two gradiometers of each triplet of sensors in the gamma range (50-110 Hz in separately for each condition. The power response spectra were averaged over the two 304 gradiometers and smoothed in frequency with a 3-point-averaging window. The peak gamma 305 frequency and power were then defined at the 'maximal pair' of the gradiometers. A frequency 306 range of interest was defined at those frequencies of the gamma range where the [stim-307 base]/base ratio exceeded 2/3 of the maximum for the particular subject and condition. The 308 gamma peak frequency was calculated as the center of gravity, whereas the GR power was 309 calculated as the average power over that range.
310
For each subject/condition, we calculated probabilities of a post-stimulus increase in 311 gamma power in the stimulation period relative to the baseline using the Wilcoxon test. We 312 considered the response reliable if the probability of the gamma power increase at its absolute 313 maximum was significant at p < .0001.
314
In order to quantify the degree of suppression of the GR power with increasing visual 315 motion velocity, we used the 'gamma suppression slope' (GSS) index introduced in our previous In adults, we assessed test-retest reliability by measuring psychophysical thresholds in two 367 sessions, separated by 5-118 days. The intra-class correlations between the two measurements 368 are shown in table 1. The reliability was remarkably high for motion direction discrimination 369 thresholds for the large gratings, somewhat lower for the small gratings, (insignificant for the 370 medium gratings), and only moderate for the SSI. For the following analysis, we averaged the 371 psychophysical measures across the two sessions. 372 373 Table 1 .Test-retest reliability of psychophysical parameters in adults: intra-class correlations 374 (ICC).
375
Parameter ICC Motion direction discrimination thresholds: Large 0.95*** Medium 0.43 Small 0.75** frequency. As an example, when measured in source space, the power of the GR elicited by slowly frequency and power were found to be highly reliable measures over the temporal interval 448 studied. The reliability of GSS was also high, especially when estimated in source space.
449
450 Table 2 . Test/re-rest reliability of MEG gamma parameters in adults: intra-class correlations (ICC).
451
Parameter ICC MEG / GR frequency: 453 454 magnitude appears to be selectively related to a subject's capacity to detect the motion direction of the large gratings. and the inhibitory surround of the neurons' receptive fields (Gieselmann and Thiele, 2008;  569 Shushruth et al., 2012) . Gieselmann and Thiele (Gieselmann and Thiele, 2008) have shown that 570 local field potential (LFP) gamma-band activity increased monotonically with grating size, despite 571 a concomitant drop in neuronal spiking rates. The increase in LFP gamma power was maximal for 572 stimuli overlapping the near classical receptive field surround, where suppression started to 573 dominate spiking activity (Gieselmann and Thiele, 2008) .
574
The large annular gratings used in our MEG experiment (18° of visual angle) should have 575 led to the strong involvement of the inhibitory surround in the populational neural activity at the 576 V1 level. Therefore, the changes in GR elicited by increasing the gratings' drift rate can be a direct 
583
In particular, the reduction of the GR with increasing motion velocity beyond the 'optimal' value 584 of ~1.2°/s is likely to be driven by an excessively strong involvement of the inhibitory surround 585 in the populational neural activity at the V1 level. In our present study, the suppression of the 586 visual GR at motion velocity above 1.2-3.6°/s has been observed in every subject, irrespectively of 587 his/her age or gender, suggesting that the velocity-related gamma attenuation reflects this basic 588 inhibitory-based mechanism of cortical function.
589
MEG is capable of detecting gamma oscillations only if the coherent activity in the gamma 590 range is observed in a large portion of the visual cortex. Therefore, the presence of prominent GRs 591 in our MEG study suggests widespread in-phase gamma synchronization in the visual cortex.
592
Indeed, animal studies have revealed phase-alignment of LFP gamma oscillations over a broad V1 593 area (Eckhorn et al., 1988; Jia et al., 2011) . One plausible mechanism of such distributed gamma moving grating that causes surround inhibition, but not with the same for the small grating that does not. This selectivity strongly implicates surround inhibition in the observed neurobehavioral correlation.
V1 through providing excitatory feedback to V1. 643 644
Replication of the results and test-retest reliability
645
An important advantage of our study is the testing for replication of the anticipated neuro-646 behavioral correlations in two diverse groups of participants, as well as estimation of test-retest 647 reliability of these correlations and the neurophysiological and psychophysical parameters 648 themselves.
649
First, the correlation between GSS and SS was replicated in the two groups of subjects i.e.,
650
GSS correlates with SS in both adult women and male children (Fig. 6) . This suggests the results 651 are robust with respect to sampling bias and can be generalized across gender and ages studied.
652
Second, the MEG gamma characteristics and psychophysical thresholds were replicated in 653 the two temporally-separated measurement sessions i.e., we report a high test-retest reliability of 654 these parameters in sessions that were separated by several days or weeks. The high test-retest 655 reliability of GSS is, at first glance, similar to that of the GR power and frequency evaluated 656 separately in each velocity condition (Table 2 ; see also (Hoogenboom et al., 2006;  obscure the IQ-SSI correlation, which, when found, showed that duration thresholds of motion Angelucci, A., Bressloff, P.C., 2006. Contribution of feedforward, lateral and feedback connections 720 to the classical receptive field center and extra-classical receptive field surround of primate 721 V1 neurons. Prog Brain Res 154, 93-120.
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